Abstract. In this paper, we present a design system and control of 6-DOF parallel manipulator commonly known as the Stewart platform. It is meant as a practical guideline covering the basic theory of Stewart platforms and the actual realization. The flight simulator design is based on the Stewart platform mechanism and mainly of two platforms and six linear actuators driven by servo motors. The inverse kinematics solution is provided for the actually constructed prototype, given the position and orientation, and find the actuator lengths.
Introduction
A Stewart platform used for the immersive flying experience in a modern science and technology museum has been developed and assembled in the Huazhong University of Science and Technology (HUST), and its structure is shown in Figure 1 . The experiencer sits in the chairs, the video with flying scenes is shown on the displayer, and the upper platform driven by six cylinders moves in multiple degrees of freedom following the flying scenes, achieving the acceleration, rolling, weightlessness. The servo electric cylinders are adopted in this device duo to its quick reaction capability, excellent kinematic accuracy and rigidity. The Stewart platform, also known as a hexapod positioner, has six independently linear actuators, whose lengths determine the position and orientation of the platform. It provides six-degree-offreedom (6-DOF) i.e. roll, pitch, yaw, surge, sway and heave [1] . Stewart platform is very versatile mechanism which can be used in a large number of applications where its high stiffness and positioning preciseness are crucial apart from the limited workspace. This paper presents the development and implementation of kinematic transformations for the flight simulator. This paper is organized as two mainly parts. The first part describes the mathematics of the Stewart platform that is the inverse kinematic transformation, and the second part is the implementation of the flight simulator.
The Mathematics of the Stewart Platform

The Stewart Platform
The Stewart Platform consists of two rigid frames connected by six variable length legs with universal joints, from L1 to L6.
The Bottom base is considered to be the reference frame work, with orthogonal axes x , y , z in Figure 2 . The Top platform has its own orthogonal coordinates x , y , z . The Top platform has 6 degrees of freedom with respect to the Bottom base [2, 3] . 
Mathematics of the Stewart Platform
Inverse kinematics problem of parallel manipulator can be expressed as follows: position vector and rotation matrix in Cartesian space is given, and asked to find length of each link in joint space. It is relatively easy to find the link lengths because the position of the connecting points and the position and orientation of the moving platform is known (See Figure 3) . The origin of the Top platform coordinates can be defined by three translational displacements with respect to the Bottom base, one for each axis. Three angular displacements then define the orientation of the Top platform with respect to the Bottom base. If we consider the first rotation Z (yaw) around the z-axis:
We define the rotation matrix Z R as,
Similarly, the rotation matrix Y R and X R can be shown as 
Then use the Stewart Platform's inverse kinematics to calculate the six actuator lengths given a desired position for the platform. Here,
We really want the inverse kinematics anyway, and that way we avoid solving a system of 18 nonlinear equations with 40 possible solutions than its forward kinematics.
The Realization of the Stewart Platform
A controller is needed to move the upper platform from the initial position to the desired position and orientation. Position and trajectory control of the platform can be reduced to the leg position control after inverse kinematic and path planning algorithms.
Trajectory Control
Trajectory control can be achieved by dividing any movement of the mobile platform into a series of smaller moves. In this manner, a linear trajectory from a start position to an end position may be approximated by minimizing the deviation of the platform from the straight trajectory. Alternatively, if the mobile platform needs to avoid a stationary object, or some other constraint is applied, a path other than a straight line can be approximated [4] .
Trajectory Record
Using a twist handle joystick to record the trajectory of a flight game in two times, record the 3 degree of freedom of translation firstly, and record the other 3 degree of freedom of rotation secondly. The posture values of translation and rotation in three directions are recorded saved in different flash memory space at 20Hz. The result will be simulated under the video to optimize the posture values.
Implementation
The 6-DOF platform at HUST is assembled by a fixed foundation and the upper platform which supports by six servo electric cylinders with Hooke joints. The motion of cylinder lever is driven by a servo motor which controlled by an STM32 controller. The video stored in Raspberry Pi is displayed on a displayer through a HDMI connector. The Raspberry Pi is adopted for its synchronism and the video can be started by a single GPIO. The posture values of 3-DOF translation and 3-DOF rotation stored in the flash are read by the STM32 controller with a period of 50ms to joint as 6-DOF. The PWM module controls the servo motor to designed position with real-time values of the electric cylinder moves which are calculated through inverse kinematics, see figure 4 . The electric cylinder's moves error can be cleared in every control period. 
Conclusions
This paper presented a 6-DOF flight simulator designed based on the mechanism of the Stewart Platform. We have used inverse kinematics to create a mathematical model that correlates the motion of a flight simulator's mobile platform with the individual motions of the linear actuators within the legs. The inverse kinematics model can also be used as a simple algorithm to control a flight simulator with certain limitations, specifically in regards to trajectory control and accounting for deviations of the actuators from their intended positions. The recorded position trajectory control method is adopted for the 6-DOF platform in this work and some other real-time control methods [5, 6] for position control of the Stewart platform deserve more study.
